Access to the full text of the published version may require a subscription. The healthcare sector is a highly regulated environment that is subject to numerous constraints. Standards around medical protocol, medical device certification, and data protection ensure that the wellbeing and privacy of patients is protected during all encounters with the healthcare system. However, a gap has opened up between the need to meet these constraints, improve performance, and also deliver good patient experience. For example, the medical protocol for hypertension during pregnancy establishes a set of clinically validated treatment guidelines, but does not consider the unique nature of patient experience. We assert that design research principles can be used to create visual tools that pay homage to these constraints and performance improvement goals without compromising patient experience. In this paper, we describe such a tool that has been developed during a healthcare project using a human-centred design research approach. The integrated tool for patient journey mapping addresses the shortcomings of existing methodologies by supporting multidisciplinary practitioners in designing healthcare solutions that meet the demands of existing constraints, performance improvement, and patient experience. In addition, we document how patient journey maps were used on the project to facilitate collaboration among a team of multidisciplinary stakeholders.
Introduction
In the recent past, considerable investment has been directed towards healthcare service reform strategies to deal with the growing challenges faced by the sector e.g. scarce funding, medical inflation and the aging population. For example, since the introduction of the Health and Social Care Act in 2012, the UK government will have invested roughly £1.5 billion in introducing widespread performance improvement reform to NHS services (King's Fund, 2015) . Initiatives such as process redesign and health information systems implementations are often targeted with the aim of increasing the efficiency and quality of healthcare delivered while simultaneously reducing waiting times (Pickles et al., 2008) . Health service reform initiatives have traditionally focused on two areas: performance improvements and regulatory constraints, with patient experience consequently receiving less attention (Bate and Roberts, 2006; Pickels et al., 2008 ). An efficient and compliant process does not necessarily mean a good experience will be delivered; for instance, a patient might receive an appointment quickly but their overall experience will be poor if (for example) the waiting room is overcrowded. In making difficult decisions around the investment of scarce funds, it is, therefore, essential that patient experience is not overlooked in healthcare service reform. As pointed out by Yusof et al. (2007) and Abugabah & Alfarraj (2015) , unless there is a fit between technical, organisational, and human issues, service reform efforts can deliver subpar results. This finding is reinforced by studies which show the impact of patient experience on measures of clinical effectiveness and patient safety (Doyle et al., 2013) .
Patient experience should be a principal goal along with delivering performance improvement and meeting constraints. This raises a formidable challenge as patient experience is not typically considered in healthcare reform. At the same time the healthcare sector being a highly regulated environment demands that regulatory constraints are taken into consideration in any service reform initiatives. Examples of the constraints that ought to be considered when addressing patient experience include medical protocol and clinical guidelines (e.g. The National Institute for Health and Care Excellence guidelines), ethical standards (e.g. Good Clinical Practice), medical device certification (e.g. FDA approval and CE Marking), and data protection (e.g. General Data Protection Act). All these constraints aim to safeguard patient wellbeing and privacy. Therefore we suggest that wider service reform and any methodology adopted ought to consider the following three healthcare service reform goals in tandem: performance improvements, regulatory constraints, and patient experience. Otherwise key requirements may be overlooked leading to problems later onsuch as poor performance or poor experience leading to low usage / boycott, ineffective decisions by healthcare professionals (Abugabah & Alfarraj, 2015; Doyle et al., 2013) .
While methods are available for addressing each of the health service reform goals separately, to the best of our knowledge there is no single healthcare modelling tool currently in existence that addresses all three goals collectively and effectively. In this paper we seek to address this gap by proposing a visual tool called the Integrated Patient Journey Mapping Tool (IPJM) that is inspired by the concept of journey mapping but simultaneously considers the factors of performance improvement, regulatory constraints, and patient experience. Section 2 offers a conceptual foundation for a patient journey mapping tool by reviewing literature. Section 3 then describes how design research methods have been used in designing and evaluating the proposed IPJM patient journey mapping tool. Section 4 explains the form of the tool. A discussion around the merit of IPJM is outlined in Section 5, before bringing the paper to a conclusion in Section 6. Pickels et al. (2008) provide a framework for healthcare service reform and improvement that addresses performance, regulatory constraints, and patient experience goals using the following components of good design: Functionality, Engineering, and Aesthetics of Experience. Functionality aims towards designing for improved performance using evidencebased practice, pathways and process design. Engineering looks at designing for improved clinical governance, standards and safeguards for patients (i.e. protocols, regulations, staff training). Finally, Aesthetics of Experience focuses on designing for improved human experiences through patient empowerment, patient choice, and the provision of information.
Conceptual Foundation for the Integrated Patient Journey Map
[See Figure 1] However, while some methods for improving performance and managing regulatory constraints are relatively well established in the healthcare sector (e.g. process mapping, service blueprinting, etc.), methods for enhancing patient experience are less entrenched (Bate and Roberts, 2006; Pickels et al., 2008) . Section 2.1 aims to provide insights into the nature of patient experience and how it contributes to better healthcare service outcomes. Meanwhile, section 2.2 then looks at methods which can be used to gather requirements around patient experience. The field of design research can offer valuable insights into how an artefact may be constructed in order to provide utility in addressing these real world concerns.
What is Patient Experience?
According to Doyle et al (2013, pg. 1) and Coulter et al (2009) , patient experience is increasingly recognised as one of the three "pillars of quality in healthcare" alongside clinical effectiveness and patient safety. Initiatives focused on enhancing patient experience have also been shown to lead to better level of quality overall. For instance, a systematic review of 55 studies conducted by Doyle et al. (2013, pg. 1) shows that patient experience was positively associated with patient safety and clinical effectiveness "across a wide range of disease areas, study designs, settings, population groups and outcome measures". In addition, patient experience is also positively associated other indicators such as health outcomes, healthcare resource use, and medication and treatment adherence. Similarly, Manary et al. (2013) point toward studies which demonstrate that patient experience is an integral component of service quality. Consequently, the authors recommend that increased efforts should be directed towards this area to increase service quality overall.
Patient experience is formed during the moments when the operation (health service) and consumer (the patient) meet. According to Johnson and Kong (2011, pg. 8) , customer experience can be defined as a customer's "personal interpretation of the service process and their interaction and involvement with it during their journey or flow through a series of touch points". Similarly, Zomerdijk and Voss (2010, pg. 68) state that "experiences are constructed by customers based on their interpretation of a series of encounters and interactions designed by a service provider". Providers cannot directly offer an experience and instead they must provide the foundational basis for customers to derive their own experiences. As a result, the service quality perceived by the customer is based on their feelings / judgement on the service quality, their experience, and the perceived benefits; this is distinct from operational service quality which looks at whether the service was delivered to its predefined specification (Johnson and Kong, 2011) . Doyle et al. (2013) assert that patient experience consists of two aspects: rational and functional. The rational aspect concerns 'interpersonal aspects of care' such as clinicians' ability to treat patients with respect and compassion, to empower patients (i.e. allowing them to care for their own health through the provision of information), and to engage patients and the family members in the decision making process. The rational aspect also concerns patients' expectations that clinicians will act in the best interests of the patient and remain transparent in the event that anything goes wrong. Meanwhile, the functional aspects looks at the patient's basic expectations about the healthcare service including concerns such as the effectiveness and efficiency of healthcare delivery, and the cleanliness and safety of the healthcare environment. In essence, as stated by Bate and Robert (2006, pg. 309) , patient experience is what a patient "thinks, feels and says about the experience of a service, process or product he or she has encountered". What is noteworthy is the lack of attention given in the academic discourse to the emotional aspects of the patient experience.
Methods for Mapping Patient Experience
Patient experience has often been overshadowed in healthcare service reform initiatives by the need to drive performance improvements and meet regulatory constraints. In light of this disparity, this paper looks at methods to provide insight into the functional, rational and emotional nature of patient experience and how they could be integrated with methods for improving service performance and managing constraints. These methods are largely inspired by the field of human-centred design in which the user perspective is seen as a central component to the design process alongside technical and functional requirements (Maguire, 2001; Zomerdijk and Voss 2010) . The limitations of these methods are also considered in order to guide the development of our modified tool, the Patient Journey Map.
Journey Maps
Journey maps are used to depict the healthcare service from the perspective of the patient (Trebble et al., 2010; Trebble and Hydes, 2011; Zomerdijk and Voss, 2010) . This is based on mapping a consecutive series of 'touch points' between the patient and the service where patient experience is actively shaped (Bate and Roberts, 2006; Bessant and Maher, 2009; Zomerdijk and Voss, 2010) . The resulting visual tool incorporates both the physical (functional aspect of patient experience) and emotional (rational aspect of patient experience) journey with the aim of capturing patient behaviour, feelings, motivations and attitudes across the episodes of care. Journey maps go beyond the static view of other service design methods by illustrating the relationship between the customer and the service organisation as dynamic and ubiquitous within the system (Zomerdijk and Voss, 2010) . They also helps to visually externalise knowledge and insights around patient experience, and promote empathy towards patient groups by placing them at the heart of the modelling process. As stated by Hostyn (2011) "Journey maps promote emotional contact with insight, distilling research into a concise, visually compelling story of the customer's experience".
In addition, lean thinking principles can be applied to patient journey maps to eliminate nonvalue adding care and waste, improve clinical management, and increase focus on value adding care from the perspective of the patient and staff (Mould et al., 2010; Trebble et al., 2010; Trebble and Hydes, 2011) . The use of lean thinking approaches is not without some controversy as some see the dual aim of improving patient experience and lean process improvement as working against each other (Waring and Bishop, 2010) .
There are certain limitations associated with journey maps however. Given the complexity and high number of interdependencies that exist within many services, it can be challenging to design patient journey maps that are both comprehensive and accessible. Mould et al. (2010) discuss four mediums which can help make journey mapping more accessible to multidisciplinary teams of stakeholders: post-it notes (accessible but hard to compare), text box flow chart (highly detailed but complex), pictorial icons (simplified, but large maps are hard to absorb), stylised icons HTML (provides a high-level view and drill down for sub pathway maps). However, journey maps fail to adequately consider the regulatory constraints associated with healthcare service reform, and therefore the impact of constraints such as medical protocol is not included.
User Personas
User personas offer a method for personifying the requirements gathering process and directing increased attention towards patient experience. User personas involve creating caricatures of user groups in order to help design teams in better understanding the mental model of these groups i.e. their "expectations, prior experience and anticipated behaviour" (LeRouge et al., 2011, pg. 253; Maguire, 2001) . Caricatures are developed to categorise groups of target users and personify user groups i.e. through the inclusion of information such as name, picture, personal background, and goals. User personas can then be employed to make design decisions and evaluate design solutions according to the unique needs of each persona. This also stimulates creativity around how to dynamically address user needs across different scenarios (Maguire, 2001) . LeRouge et al. (2011, pg. 251) state that user personas address the limitations of common modelling tools such as UML diagrams by integrating the conceptual model of users, their "cognitive structures and present behaviour that drive health care thinking, future behaviour and demand". Hosono et al. (2009) put forward a methodology for persona centric design where personas of users and other stakeholder are applied to service modelling. The methodology looks at the interactions between these defined personas and the service, with the aim of minimising the gap between the designed service quality and the quality level expected by user groups. Quantitative and qualitative methods are employed to collect data from target users around quality factors and values, with this data then clustered to form personas. Each persona is attributed a list of values and associated use cases, and the service boundary is defined. An analysis of the defined personas is then undertaken to help prioritise quality factors and generate requirements to guide in service design (Hosono et al., 2009 ). This methodology is also useful for comparing the quality factors that are important to service providers with those that are important to service receivers. However, similar to journey maps, user personas do not consider regulatory constraints or performance goals related to healthcare service reform and their scope is limited to the area of patient experience. Another limitation of user personas is that given the subjective nature of experience there is a risk that assorting a generalised set of values across a limited number of personas can result in the loss of useful detail.
Storyboards
Storyboards are a "short graphical description of a narrative" where a series of images are employed to represent the user's interaction with a system and the associated system output (Maguire, 2001; Truong et al., 2006, pg. 12) . Storyboards help visualise the scope, sequence, and structure of a patient's interface with the healthcare service by modelling the context and key touch points where patient experiences are created. The method is widely used in systems development for designing user interfaces prototypes, and more recently storyboard have been applied to the service domain for process modelling e.g. Ritz-Carlton (Saco and Goncalves, 2008) . Part of the reason for the growing popularity of storyboards is that they provide a resource efficient solution for helping design teams to generate and refine requirements, and gain feedback from users. In addition, storyboards offer a useful complement to user personas by creating a dynamic representation of the defined personas to make them more engaging (Maguire, 2001; Sutherland & Madden, 2010) .
Based on an empirical study involving storyboard professionals and novices, Truong et al.'s (2006) found that there were five significant attributes that influence the effectiveness of storyboards: level of detail, inclusion of text, inclusion of people and emotions, number of frames, and portrayal of time. But while it is possible to convey a lot of information through the presentation of a sequence of images, storyboard can still lacks detail of process maps. Storyboards are also not suitable for documenting large volumes of requirements around regulatory constraints and performance goals, which are important concerns for all healthcare service reform initiatives.
The next section looks at the approach undertaken by the authors in designing the IPJM patient journey mapping tool. The journey mapping approach has been developed for use on a pilot research project called Leanbh 1 which aims at providing remote healthcare monitoring to expectant mothers to improve the detection and treatment of hypertension during pregnancy. Examples of important constraints faced in the Leanbh project included protocols around managing the hypertensive disorders of pregnancy, the Data Protection Act, ethical guidelines, and FDA / CE mark certification. In ensuring a scientific basis to the construction of the modelling tool a Design Science approach was followed.
The Approach to Designing the Tool
The practice of design and the science of design are both problem solving activities whose differences lie in their contributions to the body of design knowledge. The prime focus of design practice is artefact construction through applying existing knowledge, while design science aims at knowledge generation through artefact construction or observation (Niehaves, 2007; O'Raghallaigh et al., 2011) . When undertaking design research (which includes elements of both design practice and design science) abstract design knowledge should be seen as the research end result, while the creation of any instantiations based on it is an intermediary result [after: Goldkuhl & Lind (2010) ]. The creation of instantiations (which happens in the design practice element of the research) is therefore an exploratory empirical part that justifies the abstract design knowledge (which emerges from the design science element of the research). In other words, design science receives its empirical grounding from design practice, but at the same time design practice receives it theoretical grounding from design science.
We, therefore, as per O'Raghallaigh et al. (2011), divide our approach into two distinct design activities separated by their degree of abstraction -see Figure 2 . First, design science is focused on identifying and generating abstract knowledge to guide the design of the Patient Journey Mapping tool. The principal output from this design activity is the foundational knowledge (mainly coming from literature) guiding, explaining and justifying an approach to undertaking healthcare reform and especially using practitioner focused tools. Second, design practice is focused on using abstract knowledge to design and evaluate successive prototypes of the IPJM patient journey mapping tool. This design activity produces situational knowledge generated from observing those using the tool and examining the models they produce using the tool. In the case of this research, the design science and design practice activities are tightly integrated whereby output from one influenced the other (Goldkuhl & Lind, 2010) .
[See Figure 2 ] In Table 1 we outline briefly a sample of the methods through which the prototype has to date been evaluated.
[See Table 1] The intention going forward is to engage with potential user groups (i.e. clinicians and healthcare executives) to evaluate the prototype further and determine its acceptability across different contexts i.e. when and how it will be used.
The Form of the Tool
In this section, we describe the IPJM patient journey mapping tool prototype, a visual tool that bridges the gap between performance improvement, regulatory constraints, and patient experience. Firstly, the ontology upon which the modelling tool is based on is described, before explaining the form of the tool itself. The prototype combines elements from patient experience modelling tools such as journey maps, user personas, and storyboarding, and seeks to address the limitations inherent in each method.
Patient Journey Map Ontology
An ontology was first developed to conceptualise the patient journey and promote a shared understanding of the problem domain using a common vocabulary (O'Raghallaigh et al., 2011) . The ontology aims to capture the key elements of the journey, the underlying structure, relationships between elements, and implicit rules that govern reality (Osterwalder, 2004) . It provides the foundational basis for the modelling tool by outlining the context in which the patient journey transpires. This helps facilitate communication between stakeholders and enhances the validity of any modelling tools based on the constructs. The Patient Journey Mapping ontology depicted in Figure 3 is informed by the literature and was developed based on qualitative research involving a multidisciplinary team (including designers, technical staff, and clinicians), field research undertaken in Cork University Maternity Hospital, and desk research of supporting sources such as medical protocol.
[See Figure 3 ] The ontology is split into three main areas: the Patient Persona, Medical Timeline, and Medical Pathway. Firstly, the Patient Persona provides a characterisation of the user group under consideration (e.g. an expectant mother that is at risk of hypertension and goes on to develop pre-eclampsia 2 ), and is inextricably linked to all components of the ontology. The Medical Timeline adds a temporal aspect to the episode of care for the persona by dividing care across a defined timeframe i.e. weeks of pregnancy. Meanwhile, the Medical Pathway describes the consecutive events or steps in the episode of care (Trebble et al., 2010) , and consists of eight subcomponents which are defined and described in 
Patient Journey Map Template
Once the ontology was complete, we iteratively designed and evaluated an instantiation of the ontology in the form of a Patient Journey Mapping Tool. This led to the development of the IPJM modelling tool. An example of a base template, constructed iteratively based on the above components, can be seen in Figure 4 . The Patient Persona is situated on the left side of the template, with the Medical Pathway and its components positioned in the centre, and the Medical Timeline displayed horizontally on the top of the template. Goals, Constraints, and Actors are listed within the Tasks component.
[See Figure 4 ] Essentially, the modelling process involves a multi-disciplinary team of stakeholders working together to populate the template. Post-it notes are used to describe elements of the healthcare service and position these within the six levels of the template i.e. mapping the flow of touch points within Encounters. This allows the Patient Journey Map to be easily modified by removing existing post-it notes, or refining their contents and position. Different coloured markers can also be used to connect and codify post-it notes, or indicate where changes need to be made to the template based on contextual requirements.
The next section discusses the strengths and limitations of the IPJM patient journey mapping tool as a modelling tool for healthcare service reform based on the experiences of the Leanbh project.
Discussion of Preliminary Evaluation
This section sets out to document early signs of the IPJM's effectiveness as a modelling tool based on a critical analysis of what worked and didn't work in the given project. Further analysis and evaluation of the modelling tool will be conducted in the future and reported in further papers. The effectiveness of the modelling tool is evaluated according to the six principles outlined in O'Raghallaigh et al. (2011) on why visual tools work in supporting a multi-disciplinary design team (see Table 3 ):
[See Table 3 ] Firstly, IPJM supports stakeholders in mapping and testing models that considers Doyle et al.'s (2013) three pillars of healthcare quality: patient experience, performance improvement, and regulatory constraints. This is achieved through the use of design science methods such as journey mapping, user persona and storyboards for graphically externalising key domain knowledge. IPJM also promote creative thinking around service reform goals and foster dialogue among stakeholders and designers, potentially leading to better solutions overall. In addition, the ontology behind the IPJM places constraints on the team, while also allowing the modelling tool to be easily adapted to different specialities i.e. oncology, or cardiology. The accessibility of the IPJM means that it can become a valuable boundary object for discussions between multi-disciplinary teams of stakeholders. For instance, the IPJM enables ideas to be shared, interrogated, and visually externalised both at an individual and group level (O'Raghallaigh et al., 2011) . The use of mediums such as post-it notes means that the template is easy to use and modify as well. Thus the template can be used as a cornerstone for modelling healthcare service reform where stakeholders collaborate to derive a shared understanding and reach a collective agreement on requirements.
[See Table 4 ] However, there are limitations inherent in our modelling tool (see Table 5 ). Firstly, not all members of the multi-disciplinary team were equally committed to using the template for modelling the problem domain and gathering requirements. This is a key concern as it transpired later that there was a link between the involvement of stakeholders during the modelling process and their understanding of and engagement with the project overall. Therefore, future versions of the modelling tool will need to consider how best to engage practitioners from different backgrounds. Another limitation of the modelling tool is that a large sized display is required to ensure that all components are visible and legible. During the project, we experimented with different display dimensions and orientations to see how template space could be maximised, before deciding on an A2 portrait format for printing. However, going forward it may be necessary to consider whether certain elements need to be reduced in size or removed to ensure that the tool can be displayed more easily across a variety of mediums and spatial dimensions.
Another limitation of the IPJM is that it does not make explicit reference to Key Performance Indicators (KPI) such as throughput and waiting times, or other metrics such as productivity and cost efficiency. While incorporating this data in the tool would be useful, there is a risk is that increasing the level of detail any further would compromise its accessibility. Similarly, the service boundary of the tool is defined to present a high level view of the healthcare system. As a result, it may be difficult to capture some of the inherent complexity in the system and any significant diversions from the traditional pathway i.e. when a patient transfers hospitals. The tool can be adapted according to the unique context in which it is used in order to address any key elements that are missing; however, in the future a more interactive version of the tool could be developed to offer a more complete perspective of the healthcare system i.e. a software program that allows users to drill down into sub-pathways.
[See Table 5 ]
Conclusions
In order to deliver robust improvements through healthcare service reform, it is essential that the three pillars of quality (performance, regulatory constraints, and patient experience) are considered in parallel. However, to date, patient experience has traditionally received less attention than performance and regulatory constraints goals, which has consequently led to subpar results overall. In this paper, the authors address the gap in current practice using a design research approach. Firstly, an ontology was developed for modelling healthcare service reform. This subsequently resulted in the development of a modelling tool called the IPJM patient journey mapping tool which addresses Doyle et al.'s (2013) three pillars of healthcare quality in tandem. A preliminary evaluation of the IPJM Patient Journey Map indicates that it offers a structured means of visually externalising service reform and facilitating collaboration between a multi-disciplinary team. In addition, the modelling tool becomes a boundary object for discussions around how to improve healthcare services in a holistic manner. Nevertheless, limitations associated with the tool are also identified such as varying engagement across stakeholders. These will aim to be addressed and evaluated further in future publications. 
Tables

Analysis of Supporting Sources
A range of sources were utilised to ensure that the IPJM considered performance improvement, regulatory constraints, and patient experience goals. This involved analysing best practices around managing the patient pathway using sources such as the NICE guidelines for managing hypertension during pregnancy. In addition, information requirements were investigated based on the Health Service Executive's maternity health record, and Data Protection Act guidelines around healthcare research. These artefacts helped inform the prototype design process and assess whether or not it was an accurate representation of real world practice.
To evaluate the ability of the prototype to represent the current best practices. 
Emotional Journey
Shows how a patient's experience may change as they move through the pathway, using a trend line to depict their emotional state i.e. elation, or despair.
Physical Journey
Uses storyboarding to represent the touch points between the patient and the healthcare service across the timeline.
Device Touch Points
Lists the technological solutions utilised by the different actors (i.e. doctor, GP, patient) at each touch point. 
